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INTRODUCTION
I started work at the Institute for Watershed Studies (IWS) in June of 2005. On
my first day I incorrectly weighed out ammonium chloride thus making that a mistake I
would never make again. Despite this hiccup, under the careful tutelage of my boss I
have become proficient at a great many necessary skills. This report serves as a
summary and description of what I have learned over the past year. I have experience in
water quality procedures covering the processing and analyzing of samples.

The Institute for Watershed Studies (IWS)
IWS Is a research facility associated with Huxley College of the Environment,
Western Washington University in Bellingham, WA. It was created in the 1960s and is an
accredited laboratory by the WA Department of Ecology (DOE). IWS performs water
quality analysis on a variety of projects. It also serves as research space for graduate
students and faculty.
The Lake Whatcom monitoring project is the Institutes’ largest and longest
ainning project. It includes monitoring of the lake and tributaries. Data on storm water
and hydrology is all collected. Monitoring of the lake has been done since the early
1960s, but It was in 1988 that the current program was started. Sampling occurs monthly
on both the lake and tributaries except that the lake is not sampled in January and
March. The lake is not sampled in these months because previous data shows the lake
does not change during this month so no further information is gleaned from sampling at
these times. The goal of the project is to gather and maintain long-term data about the
lake with annual reports being written since 1990. The yearly report is available online
at the IWS website accessible through Western Washington University’s homepage. The
IWS report states that “the objectives of this program were to continue long-term
baseline water quality monitoring" (Matthews, 2003/2004). The goal Is also is evaluate
the effectiveness of the storm water treatment system, update the hydrologic model of
the lake, and to collect hydrologic data from Anderson, Smith, and Austin Creeks.
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The Lake Whatcom watershed is rather extensive and is the drinking water
source for the city of Bellingham. This is why consistent, long-term data is so important.
Unfortunately, the watershed is a heavily populated area with the lake being used for
many recreational purposes such as boating, fishing, and swimming. Due to this high
volume of people and use, the lake suffers from contamination. Making it just one of
many systems that require monitoring to understand what impact humans are having.
IWS’ goal for its work is to produce good quality data. It does not attempt to interpret or
evaluate the results. It reports the data and the visible trends to the City of Bellingham.
IWS tests for certain things about the lake, including nutrients (nitrogen and
phosphorus), dissolved oxygen, turbidity, conductivity, pH, alkalinity, chlorophyll, and
fecal conform.
More recently, the Lake Samish project started In June 2005 with the goal of
establishing baseline conditions for that lake. Lake Samish is monitored at four sites with
samples being taken every month. There is also seasonal monitoring of the Lake
Samish creeks where samples are taken every four months. The project will conclude in
July 2006.

Laboratory Procedure
The first thing I learned to do at IWS, that still remains one of the tasks I do most
frequently, and is one of great importance, is dishwashing. Dishes are necessary for all
laboratory procedures and therefore are used on a daily basis. They need to be cleaned
and ready to use so that work can continue. They are a key element in avoiding
contamination. General labware is washed and rinsed 5-7 times with tab water and
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times with distilled water. Sample bottles and bottles for analysis however require add
washing. This involves washing the bottles, filling them with 2 N HCI and letting them
soak overnight. After soaking In acid, they are rinsed and soaked overnight in water
before they can dry and be used again. It is a long and time consuming process.
I have also learned the importance of labeling everything I work with. This is
Important first for processing of field samples, so they are properly identified and carried
through for all the required analysis. Labeling is also important when making reagents
and standards so as not to get confused between what chemicals are in use and
accidentally mix the wrong thing. While making standards, there are various solutions at
different concentrations that need to be pipetted into different flasks and diluted. It would
be horrible to mix these up because the standards must be exact and correct with very
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minimal error. Labeling is also essential to ensure the safety of everyone working in the
lab. As I share the lab space with other coworkers, they need to know what chemicals
are open in the laboratory so as to take the proper safety precautions. Mixing of samples
is another technique that is vital for proper analysis. It Is also important to do simple unit
conversions quickly and accurately and always be aware that what you are measuring
and working with is In the proper units. Safety precautions should always be taken,
specifically knowing what you are working with and how it should be handled.
One should wear eye goggles when chemicals may splash, gloves when handling
corrosive substances, and work in fume hoods with substances that produce vapors.
Eating and drinking is off limits In the laboratory. It is necessary to keep the laboratory
unsoiled and clean up spills to prevent accidental exposure. Anyone working in the
laboratory should wear proper shoes and clothing as well as not work alone.
An important part of all analysis is quality control/quality assurance (QA/QC)
measurements. Check standards, a prepared solution with a known concentration, are
run to verify accuracy. Duplicates of samples (QCs) are run one for every ten samples to
check precision. There are also field duplicates, field blanks, as well as laboratory blanks
to check for contamination. Standard Methods (1998) states that as applicable there
should be method detection limit determinations, method blanks, lab blanks, spikes,
duplicates, internal standards, calibration, control charts, and corrective action QC
acceptance criteria. Logbooks are kept of all results as well as calibration of equipment.

Samples
The goal when collecting samples is to gather a large enough volume for all
necessary analysis, but a small enough volume for easy transport that still is a
representative sample. The sample is handled In a manner that causes no significant
changes in its composition. There should be proper collection, tracking, and preservation
of samples with the use of only clean containers. The bottles should be filled full for
organic compound determination, but leave space for aeration in samples for
microbiological analysis. A record is made of every sample collected that should contain
the identity of each bottle as well as other pertinent information. When samples are
moving from one laboratory to another, a chain of custody should be used (Standard
Methods, 1998).
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When samples arrive from the field they need to be processed. They are stored
on ice during transport so immediately upon arrival the bottles are dried off. It is
important to keep the samples cold to preserve them, but they are warmed to room
temperature for analysis. The processing of samples is called “splitting” or “pouring out."
Water samples for alkalinity analysis are always poured off first because exposure to air
will alter the measurement value. Therefore the smgll bottles for this analysis are filled
with no headspace (as are the samples bottles when in the field). After the alkalinity
bottles are filled, 100 ml of sample is measured with a graduated cylinder and poured
into a 125 ml Erlenmeyer flask for total nitrogen (TN) and total phosphorus (TP) analysis.
One gram of potassium persulfate (K2S2O8) and 0.5 ml of 30% NaOH are added, the
flask Is covered with aluminum foil and the sample is autoclaved for 35 minutes. The key
when operating the autoclave Is not to burn yourself with scalding hot water. The
autoclave heats up to very high temperature and pressure and it is important to never
open the door until the pressure has returned to zero. The samples for nitrate (NO3 )
/soluble reactive phosphorus (SRP) and ammonia (NH3) are filtered before being poured
Into their respective bottles. The NO37SRP bottles are frozen until analysis, while the
ammonia receives 0.125 ml of 1 N HCI and are refrigerated. A holding time applies to all
samples. This is the amount of time that they can be stored (refrigerated or frozen)
within which analysis can be performed and the data is considered accurate.

WATER QUALITY ANALYSIS
Water quality analysis includes alkalinity, temperature, pH, turbidity, conductivity,
dissolved oxygen (DO), nutrients (nitrogen and phosphorus) which I have learned to
perform during my work at IWS. I have not performed total suspended solids (TSS),
TBSS, chlorophyll, BOD and fecal collform analysis, but they are done on Lake
Whatcom samples. Plankton samples were returned to the laboratory unpreserved, the
sample volumes were measured, and then the samples were preserved in Lugol’s
solution (Matthews, 2003/2004). Fecal coliform samples were analyzed by the City of
Bellingham’s water treatment plant. Total metals (arsenic, cadmium, chromium, copper,
iron, mercury, nickel, lead, and zinc) and total organic carbon are analyzed by AmTest
(Matthews, 2003/2004). This analysis as a whole is Important because It tells you many
useful things about the state of the water system.
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Alkalinity
Alkalinity is a measure of the buffering capacity of water to changes in pH. It is
how able the water is to neutralize acid or the sum of the titratable bases. For surface
water, alkalinity is generally a function of the carbonate, bicarbonate, and hydroxide
present. It does depend on the end-point pH used for analysis, generally expressed in
milligrams of CaCOs per liter (Standard Methods, 1998). Alkalinity is an important
measurement because organisms have a limited pH range within which they can
survive, therefore it is important to know if the aquatic environment will have a tendency
to stay at its current pH or to change rapidly. Alkalinity is measured with a potentiometric
titration that uses an electrical endpoint which, in this case is expressed in terms of pH.
Two endpoints are measured, pH 4.5 and 4.2, and is a measure of how much acid it
takes to drop the pH to 4.5 and then to 4.2.

pH
The concentration of hydrogen ions is referred to as pH. One of the most
important and frequently used analyses is measuring pH. Many water supply tests are
pH dependent (Standard Methods, 1998). IWS uses an Orion EA940 pH meter with a
Ross pH electrode and a temperature probe. The probe has to be calibrated before use
and must be rinsed and patted dry between solutions in order to prevent contamination.

Turbidity
Turbidity Is a measure of the suspended matter that affects light penetration.
Measuring turbidity is important because it gives an idea of how much light penetrates
the water and this determines how much light is available for photosynthesis. The clarity
of a body of water Is a good Indicator of condition and productivity (Standard Methods,
1998). Turbidity Is caused by suspended matter which can Include clay, silt, fine organic
and Inorganic matter, and microscopic organisms. It expresses the property that causes
light to be scattered and absorbed instead of transmitted (Standard Methods, 1998).
IWS uses a Hach model 2100N turbidimeter. When measuring turbidity it is important to
wipe the glass of the glass vial used to hold the sample because scratches or
fingerprints can give an artificially high reading.
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Conductivity
Conductivity is a measure of the ability of the water sample to carry an electrical
current. It depends on the presence of ions, their total as well as their relative
concentrations, and on the temperature of the measurement. An Orion model 162
conductivity meter is used at IWS.

Dissolved Oxygen (DO)
The level of DO depends on physical, chemical, and biochemical factors. It is a
key test for pollution. Samples should not remain in contact with air and sunlight
because this will alter the results (Standard Methods, 1998). When DO samples are
collected in the field three solutions are added which are maganous sulfate, alkali-iodineazide reagent, and concentrated sulfuric acid. The DO concentration is determined
Indirectly by measuring IO3. A sodium thiosulfate titration is performed which uses a
color endpoint. This Is a series of oxidation-reduction reactions.

NUTRIENTS
The Flow Solutions 3000 (FS 3000) is an autoanalyzer; IWS owns and uses two.
One Is for ammonia while the other is for nitrogen and phosphorous. The second one
analyzes for either total nitrogen (TN) and total phosphorous (TP) or nitrate (NO3 ) and
soluble reactive phosphorus (SRP). The basic idea of the autoanalyzer is that a water
sample Is injected Into a carrier stream which contains the reagents for that analysis.
The reaction produces a color that Is proportional to the concentration and the
absorbance measured. The autoanalyzer measures a variety of standards with a range
of concentrations producing a linear calibration curve. It measures the absorbance and
plots absorbance on the y-axis and concentration on the x-axis. Then it derives an
equation for the line in the form y=mx + b. It uses this equation to take the absorbance of
the unknown samples and back calculates the concentration. If the sample values are
beyond the range of the standard curve the samples must be diluted and re-run. The
calculations are not accurate at very high concentrations, because the curve does not
remain linear. The standards are made using a stock solution and diluted with water.
The ammonia standards as well as the wash water are also acidified to match the
samples. The wash water for TN/TP analysis also contains potassium persulfate and
30% NaOH to match the samples.

7

The same sample will be run for TN/TP, NOa'/SRP, and NH3 analysis. The FS
3000 has two pumps, one for phosphorus and one for nitrogen. Each respective pump
brings in the reagents for the analysis, the reagents are mixed with the sample which is
injected by the sample arm and run through the detector and then dumps into a waste
container. It has a mechanical arm, an injection valve, and a rotating tray for the sample
racks which allows it to sample, rinse, move the tray and sample the next test tube. A
sample table is created which relates the cup number that the sample arm pulls from to
the sample name that is poured into that cup. The machine must run on deionized
distilled water for one hour and then, once an adequate baseline has been achieved, the
reagents are added one by one. A baseline with minimal variation is confirmed after
each reagent and before the next one is added. It Is only after the preparation of the
Instrument, the creation of a sample table, the pouring out of the samples into test tubes,
and the addition of reagents that the analysis can begin. Performing ail this preparation
in the most efficient manner possible is just one of the many ways that the autoanaiyzer
has taught me to multitask.

Nitrogen Analysis
In water quality testing nitrate, nitrite, ammonia, and organic nitrogen are of
interest and are all part of the nitrogen cycle. The FS 3000 uses a cadmium column to
convert nitrate to nitrite. For analysis the sample is reacted with nitrate color reagent, a
helium carrier gas (to prevent bubble formation), and ammonium chloride buffer and the
result is a magenta color that absorbs at 540 nm. The buffer Is adjusted to a pH of 8.5
using ammonium hydroxide in order to protect the cadmium column. The absorbance
measured is the nitrate plus the nitrite in the sample and the sum can also be referred to
as total oxidized nitrogen (TON) (Standard Methods, 1998). Nitrate Is usually only in
trace amounts in fresh surface water, while nitrite reaches higher concentrations In the
effluent of nitrifying biological treatment plants. The oxidation and reduction between
these states can occur naturally and in wastewater (Standard Methods, 1998). Analyzing
for nitrate (NO3*) is difficult for many reasons. One of the main reasons Is the limitations
of the various procedures available, in that they have limited concentration ranges as
well as require complex procedures. Also, there is a high likelihood that constituents will
be present that interfere with the analysis (Standard Methods, 1998). At IWS the flow
injection method is combined with the cadmium reduction method In the autoanaiyzer.
The Cd is in a plastic coated column that is recharged with copper sulfate (CUSO4).
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Another problem with high concentration standards and samples is that they increase
wear and tear on the column.
The difference for TN/TP is the digestion process. Persulfate digestion converts
all digestible forms of nitrogen to nitrate so that total nitrogen can be determined
(Standard Methods, 1998). The analysis is again based on a color reaction with nitrogen
forming a pink dye that absorbs at 540 nm (Standard Methods, 1998). The reagents are
the same as for NOs except that sodium hydroxide is added to the ammonium chloride
buffer. It Is important to filter total nitrogen samples to remove any suspended particles
because they will clog the tubing of the autoanalyzer. NH3 and N027SRP are filtered as
part of splitting procedures regardless if anything is visible or not. The minimum
detection limit is approximately 5 pg/L. A glutamic acid standard is run to verify the
efficiency of the digestion process. A nitrite standard Is run to verify the recovery of the
column. Both of these standards should have a recovery of greater than 95% (Standard
Methods, 1998).
For the detection of ammonia, hypochlorite with alkaline phenol and a
complexing buffer react to form the blue indophenol dye that absorbs at 630 nm
(Standard Methods, 1998). It is important when making the ammonium chloride buffer
for nitrogen analysis to prevent contamination because the open bottle of ammonium
hydroxide will contaminate any ammonia samples in the room.

Phosphorus Analysis
Phosphorus occurs in natural waters as orthophosphates, condensed
phosphates, and organically bound phosphates (Standard Methods, 1998). It Is an
essential nutrient that can be limiting to growth In certain waters. It can be in the water In
solution, sorbed to particles or contained in organisms. The phosphates that appear In
the test without any digestion are generally termed “reactive phosphorus” (Standard
Methods, 1998). At IWS it is referred to as soluble reactive phosphorus (SRP). The test
Is usually for orthophosphate, but generally a small amount of condensed phosphate can
become hydrolyzed in the procedure. The reactive phosphorus can be both dissolved
and suspended, but the samples are always filtered before SRP analysis with a 0.45 pm
filter which is a gross separation of suspended and dissolved forms (Standard Methods,
1998). In the analysis the orthophosphate Ion (P04^) reacts with ammonium molybdate
and antimony potassium tartrate to form a complex. This is done under acidic conditions
which are created by the 4% H2SO4 reagent. This complex is reduced with ascorbic acid
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to form a blue complex that absorbs light at 880 nm (Standard Methods, 1998).
Contamination of glassware is a specific problem with low level phosphorus
measurements (Standard Methods, 1998). To prevent contamination, glassware should
be washed with HCI and all soaps should be phosphorus free.
A digestion process gives samples for total phosphorus (TP) analysis which
includes phosphorus generally bound in organic matter. The digestion must be strong
enough to oxidize the organic matter so that is releases the phosphorus as
orthophosphate. In this digestion process, the organic phosphorus is converted to
orthophosphate by a persulfate digestion (Standard Methods, 1998). The analysis
process is then the same as for SRP.

CONCLUSION
The autoanalyzer is indeed obstinate at times and tricky to work with, but it is
also very useful. It has taught me many important tasks. I have learned multitasking,
time management, and problem solving as well as patience. Along with these skills, my
time at IWS has taught me the Importance of safety procedures, labeling, and preventing
contamination. As my experience grows I am finding I am much more able to consider
what It is I am working with and how it should be used. I have learned to consider
whether it is a solid, liquid, flammable, corrosive and how it will react when I am mixing
It. I know that when making the 4% H2SO4 reagent to always add the acid to the water
rather than the other way around, and never taking ammonia hydroxide out of the hood;
your nose tells you that one. I have also learned to be careful not to touch things. There
is phosphorous in hand soap and therefore on your fingers so you need to be careful
where your fingers are both when washing and putting away clean glassware and when
pouring out samples. I have greatly enjoyed my time spent at IWS and will always be
grateful for the many things I learned there.
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•
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•
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•
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